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Gi'lﬁe al Leammg
Multiply Handic apped Babies Using Computers

by _Mike Behrmann, Ed.D and Liz

Labm, M.A,

Seuerely phy51cally handlcap-
ped infants and toddlers are lim-
ited in the amount of interaction

they can bave with their environ-

ment .- This may Iimit. the amouont
they can learm from it, causing
secondary bhandicaps and’ thus

creating an even more bandiapped
individaal: = This cycle can pgs

sibily be troken by using-a.micro-
computer to give some of the en-
vironmental interaction back . to
the infant.

{ears are vitally
important for\ conceptual and
language  development, Keghart
states that all knomiedge is
built on the infant's motor ex-v
erimentation on the morld around
him (Coldenbergy _ 1979, ' p.40).
Witholut _that moto;,,lnfgrmat;904
the .child . is unable .to .attach
meaning to his uorld Slmllarlly,
Piaget

The early

we,d from action..." (Colderberg,
1 _p.41). These: individuals
are Joxned_bx many others in re-
citing the importance of early
motor actions and erwironmental
manipulations to develop_ knou-
ledge bases. Ruder, Bricker &
Ruder (1875, p:21)_show that Bru-
ner, #®Piaget and Inhelder reach

tne same conclusion in.reference
to language development’. Language
is a symbol system and the child
must . knc how to man;pulate sym-
bols before language is possible.
To achieve _symbolization, _man-
ipulation of the.obiects thess

symbols represent is necessary.

The question is raised by
Goldemberg ({1973, p. 47) as- to
the 1teval _of motor .interacticn
necessary to obtain the sensor
imotor- experiences. needed, He

points out that some severely

motorically - handicapped individ-. .

he Gap

for Zke ha;ndwapped

states ' Knowledge is der-
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uals reach high levels of cognlt—
ive development and suggests that
active_ control_over_the_environ-
ment may not be necessary bat-
that. these 1ndlvi.du 1s are re-
( m their sur-

LNg i form. _He
proposes that p0551b111ty of _'re-
mote control' . -manipulation. _as’
being .an-adequate experimentation
method for conceptual. develop-
ment . :

he inability to act ann the
went creates

t_allow_normal experiences

does_n
of the world to build information
on (Golderbert, 1979, p. 29). If
these secondary handicaps can he
prevented_ it_should begin at an

early ‘age 1n”o;qer to take ad-

development
providing  a good base to build
on. The microcomputer and the
related technology can be utiliz-

ed in_this_ provention. process.. It
1¢

‘cilitate language

can. provide a feliable me ns for

1 non
i icapped children do (Vander-
helden, 1981, p:55):

_The ability to inberact . with
's. _envirorment . is probably
essential to the learning pro-
cess. While_the process of. Vlcar—
ious learning (Bandura 1963)
been poblished in the research
" literature, to assess learning it
- is necessary for an interactive
behavior to occur on the part of
the child; o

maximlze children’s ab111ty to
interact _with their environment

(ie: respond . to or initiate an

actipn)

as well -
tis

interactlons,
even though they may be 1n51gn1f—,

accuracy of those

three areas in which technology

can 51gn1f1cant1y effect learning
by enhanc1ng environmental inter-
tions T e e

) domains' moist be . @oven
together in order to prov1de tea-
chers - and parents to -"teach"

these children t» functlon to

fullest potential:

 Eommunicatien Communicatlon
can be considered one of the most
basic _forms of emwirormental in-
teraction. -Typically it. .beains
within the first year of life for
. handicapped” and __ nonhandicapped
individuals. Definin? comnunlcat—
jonias the transmitting of a

sagg Wwith-two necessary’

sSage comp )
ents; the intention of the senderw
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Jcapped * through

to. transmit and a receiver .who
intends to receive and understand
that ;message (Bryen, 1982),
nonhandlcapped child. soon has an
advantage in his or her ability .
to learn. verbal language, the
most effic of

ication. Many handlcapped child-
ren__are .very delayed -in their
ability to learn verbal language
and  some never do. Additionally;

the1r ability to interact non-

bally may also be severely
limited. .

B

__ The 1nab111ty to. communicate
efficiently and rapidly creates
setbacks__in learning; inhibiting .

experimentation with.  their en-
virorment. The. technology is aur-

rently available - se
individuals e er des  of
communication that don't rely on
their . vebal. -abilities. Thus, -a

nonverbal child can communicate
{anyg - thus interact with the en-°

vironment).  through awditory (in-
cuding voice synthesis), ﬁhys1ca1
?ﬂvements. pictures or words.

Env1ronmental Control. This

category of environmental inter-

as_ turnlng _electrical toys and
apptiances .on and off: _Children
with limited motor abilities miss
out.on these life experlences and
perform
the__tasks _for thEﬂh Again;__the
technology. is available to return
to them that lost independence.
Home controllers are readily

available for_adult consumers and
are very_inexpensive. These de-

v1ces .can elect;;callyr control

ng
e llghtingfgltber by re-
control or program control:
These... same devices combined with
thoughtful programming car allow
the young handicapped child to be
control gf such_ development-

ally approprlate tasks as tarning

the TV, electrical and battery
operated toys and other such
things on and off. Co :;:'

. EnvxronmentJl MahipulatlonT
Another _category. of devices or
mechanisms that are available for
edﬂlronmental interaction is ro-
botics: Robots can. u1f111 single
or mJltiple functior

al
er, manlpuiatlon of
the enviromment is probably . the
most  important aspect of: the. ro-
bot. A robot can become the = ex-

teh51on of _the. 1nd1v1dual by ex-
tending :the_ child's -sccessible
ervironmental space with mob -
ile, multi-directional arm which
will allow the. child to manipol-
ate. objects wgithin his environ-
ment. - As. technology improves, the
capabilities 'for providing mean-
ingful;_ apprognateJ and_control-
led expenences for yoong bhand-
robotics will

increase too. a5
s

B

A
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N
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-;_DEHELDEINﬁf PARAMETERS FOR USING
THE COMPOTER

——

. Campbell, Bricker and Esposito
N 234 240) voice.a number

ng
erely _hand-
icapped individuals: First _are
the concerns. of using technology
as an end rather than a means to
higher level development. The use
of " _the computer to provide en-

vironmerital .control for the pur-
gse of. building a conceptual

cern as_long as efforts
to direct that. learning are sys-
tematic and individually monitor-
ed. A second conern is the abil-
1ty to_find meaningful; motivat-
ing. and.. relevant - consequences
that will take control _of the

behavior.

Many young and_ severely hand-

_icapped individuals_hauve learned

to be helpless and finding con-
sequences_ strong enough to over-
come  that while still avoiding
sat;atlon and_extinctlon are real

by..
severely _handicapp
using micrncomputers or not: The
flexibility of the-computer.. can
help meet that challenge. R third
problem area is in the general-

ization of these skills or_ _uses
when . they have.been taught in
fixed and contrived. s ions.

Again _a . systematic Pl for
bringing the technology into the
classrﬁbm and hcme is necessary

, Rn addltlonal ‘concern in  the
area of generalization_is_ cited
by Eampbell et: al: that children
functi g in the primary cir-

1lar tion stage of c n1t1ve

' dévglopment [will be _unable_

generalize. They are onder strIct
control of the concequences -as
‘they repeat new experiences - for
the sole purpose of :eproduclng

-the same experience:. Borlng this
. stage though, var J

reallzed
iti igh

repetitlon of actions _(Philips,
1875,. p.-28). These stMges char-i
acter;stlcs do not :rule out the:
use of - compyters but suggest a
valid_research. area of looking at
spagiflc -cognitve levels- - and

_their affect puter inter-

actibhs. Brznker h,ew,é {1982)

Compy
lustrate that handicapped infants
(CA 3-5 mos and MA 2-5 mos) can
learn cause/effect relationships
using a switch. Beyond this; it
would appear that minimum requis-
ites in the areas of language and

motor development need_parameters

established as well, for the suc-
cegsful. use of - thls application

of - technology in the training of

hardicapped 1nfants.

\



PILOT RESEARCH \(
Deserip tion of the Population

Two. phases_of a_pilot_research
projeit have been conducted using
students of a,courty hedlth in-
fani stimulation program as sub-
jects. The program is goverend by:
3 nori-exciusion policy thas these
studeirts. range in abilities from
"at risk' or midly handicapped tc

severrly _multiply = handicapped.
Their chronological ages range
fraom ©9irth through 30 months, at
which time they enter the pub'ic
school system. _The initial re-
search looked. at 5_ stadents,
tHree of which wete 11-14 months
and non-handicapped and two oldff
multi-handicapped_ children __bhe-
tween 25 and 27 months (Behrmann
&Lahm, 1882);

_.___The second phase, which is
currently in progress; looks at
the older  handicapped _children
attending ' the program. They were
selected because they will  soon
move into the public_schgols and
thuos will not be candidates for
further research. - These .second
phase . subjects cen be  divided
into two groups; mildly and mult-
iply handicapped:

Descriptisn of the Egquipment

__ The_project currently utilizes
an  Apple 1I plus. microcompater,
Vatrex Type !N Talk voice syn-
thesizer, a czolor TV monitor, and
various custom made_switches__as
ipput devices. Efforts are being
made to 0s€ only readliy avail-
able commercial hardware to allow
for_replication of the program_at
other facilites in the. future.
The switcties,; thoogh castom made;
are inexpensive and easy to make
or commercially available swit-
&hes can be substituted.

‘A Systematic Approach to Teachin

aetions :

—

The. second phase of .the pilot

research project is being under- .

taken__to begin looking _at . the
parameters _{motor, lanquage and
cogritive .development:l. levels)
for using trieriﬁicrocd@tiertsi with
handicapped infants and. toddlers
to establish a cause/effect re-
- latiorship .{level 2): The entire
project 1locks at eight. levels of
use ranging from establishing a
cause/affect relationship to us.
ing _a weru driven program for
making choices to iniciste _an
envirormental interaction. The
computer programs or software are
developed  to fit the needs of
each irdividual: The objectives,
response coes,. screen diagram and
measured varigbles for each level

are shown in table 1.

The. gbjectives in level 1 be-
gin with assessing the needs of
each jindividual through an infor-
mation gathering process. Infor-
matiomr related to the optimal

Q "9 position of the child;

ERIC
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the probable best switch and any
unique__program requirements_such

as those for visual or hearing

impairments are obtained from the .
cherdpists and parents

teachers, -h nd parent
of _the child. Using the _initial
information, abjectives at level

-2 attempt to establish the cause-

/effect relationship before re-
guesting the child to learn the
concept_ of decision making.  The
next 1levels (3 - 6) gradoally
ircrease  the. abstractness of the
picture represent.tion on the
computer screen  while teaching
the .chi’d to make.a selection.
This 1is done-to allow the child

-2vels__also increage the number
f pictures or optlons presented
tu *hr child at a given time. The
end  snsult will Be a system of
categorizing choices _that _will
facilitate finding .a specific
response. or choice (leveis 7 %
8). Tablé 1 relates the response
cue or the command aiven to__the
.child at each level. The format
of the. computer screen is _dlso
shown  to give yod an idea of the
amount of information given to
the_ child at a time:. The colom
labeled varjables simply lists
the kind of information the pro-
gram is collecting for further
analysis.

Tuo kinds of feedback are giv-
en to the child when the switch
is activated. Level. 2 replies to
the child's response by immediat-
ely -displaying a fun, rewarding
picture with an  auditory re-
sponse. Levels 4 -6 use_tht same
response _reward uwhen the child
chooses the. correct. pictire.
These . rewards are randomly gen-
erated to avoid satiation.  In
levels 3; 7, _and_8 the compater

rewards the child with 3 direct"

action; . ie: it turfs on or act-
ivates the object of the choice
for a short period of time. These
three 1levels Utilize the. concept
of the child direct controlling
their environment. B

PRELIMINARY RESULTS

The first three levels of the

project (assessment,  cause/ef-
fect, and concept of choice) have
been - implemented to date with 10

infants and toddlers. The results

of level two are shown in tables
2 and_3, The 10 sobjects evaluat-
ed’ on this level can clearly be
divided into two groups. Table 2
represents a group of children
whose Early Learnin | Accomplish-
ment  Profile . (ELAP).scores in-
dicated . functioning levels from
55% to_77% of their chronological

age. These_ _children in gereral

were  more mildly handicapped and
Quite.able of performing the iev-

el 2 task w:l.thOL.t éé",j‘,arne (j_e.

minimal - positioning/adaptive

equipment). Table 3 represents a

lower funetioning group. Their

ELAP scoTes were significantly
AN .

.

»

lower,; showing fupcticning levels
from. 5% to 15% of their chron-
ological age. In general;; the
children in table 3 were molti-
handicapped including = severely
motorically handicapped and sen-
sory impaired. They required _a
great _deal of teaching and. as-
sistance. . . ; : pos-
ftioning/adaptivesquipment, pro-
mpting) to perform the task at
this level.

- . Of the 5 mildly handicapped
children —represented in table 2,
tuo of them met a criterion of
respondingin 5 seconds or. less
80%_ of the time over 3 or 4 ses-
sions: Two .other. childrern are
very <close to that criterion but
are showing a deterioration of .
response time. The fifth child;:
although never close to. ‘criter-
ion; shows this same deteriorat-
ion of Lesponse. In all cases;
the researchers. immediately noted
that the 5 children in Table 2

apparently understood th task bat

with the 1last three children,

-interest_. was. lost ang other as-

pects of th testing emwironment
became more adttractive (ex: knobs
on the TV; other people present).
It ‘was concloded . that if. the. pro-
gram wds more- highly motivating,
they  too would reach criterion
rapidly, - c

The S moltihandicapped child-
ren_represented on table 3 depict
Clearly different__results. The
two that reathed criterion were
the. first two subjecks.and took
part in the initial pilot work.
Their scores are comparable to
the _others_because the computer
program and testing situations
were essentially the same. Hou-
ever, no ELAP scores were col-
lected for them, Their level 2
results__are similar to those of
the. more ° mildly _handicapped
children ~on table 2. However,
each of these:two subjects _were
severely limited due to their
multiple  handicaps unlike those
in _table . 2: The otHer three
children have not come close to
criterion yet. Subjectively, the:

researchers_ have ; noted that on
most trials they appear to rake
the effort and show an under-
standing for the task but are
unable to perfiw to criterion:
This__raises guestions sbout ex-
pected levels of performance and
what response time might ‘be con-
sidered a functiondl cne for the
severely multjhandicapped child,
as _well as the ability of the
level .1 @ssessiwent ta  address
optimal positioning and switch:

~



Table 4 compares the ELAP -

scores of the two subjects that
hava met criterion and the tuo
that have come the closest from
Table 2. This comparison is the

first attempt to look at the mot-

or, language and cognitive levels
of successful children to-ident-
ify . parameters for -success: Foar
subjects is clearly not enough. to
make statements [about predictors
of __success_but ‘this is a _begin-

ning.. The next stage of the re-
search - project olll evaluate ap-
proximately B0 subjects at this
level.

Only .one subject to be tested
on level 2 has advanced. to level
3 of the program’ (teaching the
concept of making a choice).
le 5 shows results_on level 2 and
table 6, his progress on level 3:
A clear trend toward responding
with “faster more consistent re-
sponses _in_ maklng a_choice_ be-
tween two toys is seen. Anecdotal
observatlons of the researcher
note
indicator and-making the choice
visz _the switch. Since it is nrot
possible to measure the correct-
ness_of choices when given a free
choice, the child's: accuracy. of
chioosing. is not. being reported.
It is interesting to note that
even though the child reached a
more _ strlgent criterion for re-
sponse _time_ in_level 2, the re-
sponse time in level 3 is slouwer.
No criterion was set at this lev-
ely ‘even though it was monitoreg.
Free tholce decisions also drd

ed and therefore were ot belng
measured. |
. time is attributed to the mental
process of decision-raking and
the amount of time involved for

the indicator to scan

then _is_ not the response _time;
but rathr the trendito improve
it, showing “the child's better
understandlng of the concept and

functlonal use of making choices.

.DISCUSSION

- .The research conducted thus
far has begun to answer some bas-
ic guestions about the ab111ty of
infants. and toddlers to interact
with microcomputers. It appears
that they ‘undexstand_ the  cau-
"se/effect _relationship between
the. conpoter screen and - their
switch. It also appears that the-

ir aesponse time can become ad-. |

-and  consistant w1th1n a
f time.

. equate.
~very short period

_ The QUestion_of what 1Is an
appropriate
re-evaluation after looking a

- the two distinct groups of hand-

icapped _childten~used . in this
Subjeétivel t has been
ted that the lower Tutctioning

to understa

gPQgﬁ; ‘appear
._cause/ ef fect relationship which

.

Tab-

The_increased response*

the two -
choices. The objective at level 3

response 'time needs.
looking at

xS

computer system to functionally
control. the_erwironment. However
the data also indicates that
children may pever reach

_criterion of five second

preset _

response  times:. The appropriate-

ness of = the criterion must be
evaluated before deciding whether
the _lower functioning group_ _can

benefit from th computer system.

_ The magor contIruIng questmn
of 1level 2. is the identification
of success indicators or paramet-
ers_using developmental levels or
scores from the ELAP, This quest-
ion. will be analyzed more.
pletely-when_more_sobject data is
available. Once identified, the
parameters will be used to help
select individuals® to__continue

through level *8 of the program.

IMPLICATIONS FQR—FURIHER RESEARGH .

_. The_research_desion and .re-
sults discissed in the previous
sections of this paper represent
only__the beginning stages of the
technolog applications research
planned. Level 1 and 2 data,
evaluated for approximatel
children; should;provide indicat-
ors.as to which. muliti-handicapped
children will benefit most from
this type of training.

_ Levels 3 - 8 of the ptDJ&:t.

miii provide a systematic train-
ing approach to teach develop-
mentally young children to ef-
fectively utilize mic ocomputer
technology. to interact with their
erwironment. The
volved includes use of..an _Apple
II plus microcomputer; voice. syn-

thesizer, emvirommental control
mechanism _(BSR x-10. Eontrolier )
and robotics . (Heath ' Hero-1).

These . conb;ned teghwologxes,y;ll
be prggrammed so that _the_ _child
will be
from a "mer." The selection. of
an- option will then be translat-
edlnto” an Interaction with the
,,,,,,,,,,,,,,,,,,,,,,, _in___ .a
preprogranﬂed format .usimrg one or
more of these technologies.

when a g:hild reaches 1em1
s/he__uwill be able_to select: frcm
a variety of categories - robot,
communications, ¢ erwirommental
control.

able. (ie: robot to get X toy or
robot 'get teacher).

._The general purpose of _the
Isfto apply cm;a,l,ly

project.
avallable
latively |,

learning fieeds of developmentally

young harflicapped -children. Tech-
nology gomlng at an. almost
uncompretensible pace, but the

technology nad' need are both _pre-
sent now. and the wait for "some-
thing better" may rever-end. The
robot which is being utilized in
the project was not available B

months ago:. It may uell make some

N

_conf=

_technology - in- ..

abieato select - options

From these categOrlsz
additional choices Will be avail-.

‘

of  the hardware obsolete almost
before the Ergjeet gtarts. This
robot can "hear;"_ move
about , manipulate __objects.
turn_ of f and on switches: Thus,
it may . have alrady removed the
necessity of ~an__erwironmental
controller and vpice synthesis
communication: What .. has . NBT
changed though; is the need to
systematlcally train handicapped
individuals to utilize technology
that can benefit them.

5ystemat1c tralntng can be
done in such a manner that the
technology and/or application can
change while the "format and in-
teraction mechanisn” betijesn the

handicapped individual and the

technology remains the same., If
one - thinks__of one of the ma jor
problems. for. training severely

and. profoundly Handicapped -
training the handdcapped person
to generalize from one situation
to__another . - the. potential. is
there for developmg a constant

. format for enabling an individua}

while. others’
the technology to

to make choices

"programming"

. generalize. or adapt to dlfferent

'erwirof

nts.

- .

7 It is _boped_that the capabil-
ities of mlcrocomputer sy«.tems to

extend erwirommental interactions

. to. infants of limited motorabil-

. should

ities -will provide them with the

. consistent- control of_their en-

virgnment . necessary _for _normal
concept deueiopiﬁent. This in turn
affect the language de-
velopment, self-concept develop-
ment; ‘ability to communicate and
thexr social interactions. B8y
developing- these skills at normal.

developmental it is hoped
that secondaryghandlcaps will be
:prevented. .As. their skills ad-
varice, - the technology ctan advance
with them, aluways *giving them
appropriate opportunities for
interaction and commonication:
Ulrtimately, they will have.. the
ability to reachrout51de their

immediate enviromment by using
telecommunication _networks. This
will enable them to transmit in-
mation or communicate with
others through telephdhé f

television’ 11nes.- .

. The flndlngs of t“lS research
should - impact other populations
of _of handicapped individuals in
addition. to. physically handicap-
ped:..It can.tave direct applicat-
ion to all individuals who have a
mental age in the range of 0
through. .30 months; as stodied in’
this project. Mentally handicap-
ped _irdividuals who have addit-
ional physical handicaps _should
also be able to utilize a. similar
approach Regardless Of Their Age

e
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